Introduction {#sec1_1}
============

Vertebrobasilar artery dissection (VBD) is characterized by the intrusion of blood within the vascular layers (intramural hematoma) in the vertebral artery (VA) or/and basilar artery (BA) due to a tear in the intima of the vessel wall \[[@B1]\]. Magnetic resonance imaging (MRI) is proved to be a sensitive tool for the diagnosis of VBD due to its high-resolution imaging and direct visualization of intramural hematoma \[[@B2]\]. With the popularity of MRI use in acute ischemic stroke, VBD has been increasingly recognized as the etiology of posterior circulation ischemic stroke (PCS) \[[@B3], [@B4], [@B5]\]. Therefore, the characteristics and prognosis of patients with VBD-related PCS, whose numbers might have been underestimated in the past, need to be reassessed.

Atherosclerosis, a chronic inflammatory process, diffusely involves large- to medium-sized artery disease with atheromatous plaque formation in the arterial tunica intima and consequent artery lumen stenosis/occlusion \[[@B6]\]. The relationship between atherosclerosis and VBD has not yet been studied. The present study compared the clinical characteristics and prognosis of PCS induced by pure VBD (p-VBD) and by VBD with accompanied cervical or cerebral artery atherosclerosis (a-VBD). We hypothesized that a-VBD might have distinct manifestations from p-VBD.

Methods {#sec1_2}
=======

Stroke Registry {#sec2_1}
---------------

The Taipei Veterans General Hospital Stroke Registry has collected data for all patients with acute stroke admitted to the Emergency Room or Neurology Department wards since 2009. Standard investigations for acute ischemic stroke included high-resolution or standard brain MRI and MR arteriogram (MRA), Duplex ultrasound of neck arteries, color-coded transcranial Doppler, 24-h Holter monitor, and echocardiogram. Patient data were reviewed and a consensus concerning their stroke etiologies was reached by both neurologists and neuroradiologists. The following standardized criteria (shown by vascular studies) were used to classify the stroke etiology of VBD \[[@B5], [@B7], [@B8], [@B9]\]: (a) occlusion or stenosis of the VA or/and BA, (b) gradually tapered or/and long-segmental narrowing of the stenotic/occlusive vessel, and (c) intramural hematoma, intimal flap, or double lumen by high-resolution or standard MRI T1 sequence.

Study Population {#sec2_2}
----------------

The present study recruited patients with PCS induced by VBD who were registered in the Taipei Veterans General Hospital Stroke Registry between January 1, 2010 and August 31, 2014. We then classified these patients into 2 groups, a-VBD and p-VBD. Patients who had (1) atherosclerotic plaques with or without stenotic flow in cervical arteries (common and internal carotid arteries or proximal VA) on Duplex ultrasonography or (2) focal \>30% stenosis in cerebral arteries (internal carotid, middle, anterior, or posterior cerebral arteries, VA or BA) other than the dissecting region (usually in arterial bifurcations which are prone to atheroma formation) on brain MRA were defined as a-VBD (Fig. [1](#F1){ref-type="fig"}) \[[@B10]\]. The other patients were classified as p-VBD. Since previous studies have noticed a potential overestimation of the degree of stenosis by TOF MRA \[[@B11], [@B12]\], to avoid mistakenly classifying patients with the absence of atherosclerosis into the atherosclerosis group, we excluded patients with 0--29% stenosis shown on TOF MRA. Clinical characteristics including demographic data, vascular risk factor profile, symptoms/signs, stroke severity, involved vessel and brain regions, treatments during hospitalization, and functional outcomes at 3 months and 1 year, respectively, were compared between the 2 groups. Hypertension was defined as a self-report of a current antihypertensive medication prescription or as a measurement of systolic blood pressure ≥140 mm Hg or diastolic blood pressure ≥90 mm Hg \[[@B13]\]. DM was defined as a self-report of current DM treatment or a measurement of HbA~1c~ ≥6.5% \[[@B14]\]. Hyperlipidemia was recorded if there was a self-report of use of statins or a blood level of total cholesterol ≥240 mg/dL \[[@B15]\]. Since the study population recruited VBD patients from the stroke registry, VBD without stroke was not included for the present study. The hospital\'s Institutional Review Board (IRB, Taipei Veterans General Hospital) approved the study procedures (IRB No. 2016-04-002CC), and each participant provided informed consent.

Brain MRI Acquisition {#sec2_3}
---------------------

All patients were imaged with a 1.5-T MRI scanner (Excite II; GE Medical Systems, Milwaukee, WI, USA) during hospitalization. Cranial 3D TOF MRA without magnetization transfer contrast was performed to detect the presence of focal narrowing in cerebral arteries. The severity of stenosis was determined with the ratio of arterial lumen at focal narrowing and arterial lumen at adjacent proximal part (lumen^focal\ narrowing^/lumen^proximal\ part^) ×100%.

Duplex Ultrasonography of Neck Arteries {#sec2_4}
---------------------------------------

All patients underwent ultrasound imaging of the bilateral carotid and vertebral arteries (V0--V2) during hospitalization (Sonos 5500; Hewlett Packard, Andover, MA, USA). Assessment of plaque was undertaken using a high-resolution, linear array 2D transducer and scanning the artery in cross-section (carotid arteries) and longitudinal view (proximal vertebral arteries). Plaque was defined as local thickening of the intima-media thickness \>50% compared with the surrounding vessel wall, an intima-media thickness \>1.5 mm, or local thickening \>0.5 mm \[[@B16]\].

Statistical Analyses {#sec2_5}
--------------------

Analyses were performed with SAS software, version 9.1 (SAS Institute, Cary, NC, USA). All values were expressed as mean (SD) for continuous variables and as number (percentage) for discrete variables. The nonparametric Wilcoxon rank-sum test was used for group comparisons. The χ^2^ test or the Fisher exact test was performed for categorical variables as appropriate. To test whether the presence of atherosclerosis was associated with poor functional outcomes (modified Rankin Scale ≥3) at 3 months and 1 year, we used multivariate regression analyses, and odds ratios with 95% confidence interval were calculated. Variables such as age, sex, vascular risk factors (hypertension, diabetes mellitus, hyperlipidemia, and cigarette smoking), stroke severity at admission (NIH Stroke Scale), and treatment option were adjusted in multivariate analyses. In our previous VBD study, the median modified Rankin Scale score at 3 months was 3 \[[@B17]\]; therefore, we used it as the cutoff point.

Results {#sec1_3}
=======

There were 91 patients (67 \[73.6%\] males, mean age 65.5 years \[SD = 15.2, range, 21--91\]) with VBD-related PCS recruited for the present study; 31 were a-VBD and 60 were p-VBD. Comparisons of demographic characteristics and presentation at admission between a-VBD and p-VBD are presented in Table [1](#T1){ref-type="table"}. Patients in the a-VBD group were older than those in the p-VBD group. Both groups had a similar frequency of vascular risk factors except cigarette smoking, which was more frequent in the p-VBD group. Stroke severity (NIH Stroke Scale) was similar between the groups. There was a trend that patients in the p-VBD group had more frequent headache and neck pain at presentation than those in the a-VBD group.

Table [2](#T2){ref-type="table"} demonstrates the vascular involvement, infarct regions, management strategy, and outcomes during hospitalization in patients with VBD-related PCS. Both the a-VBD and p-VBD groups had more frequent intracranial than extracranial artery involvement. However, there was more frequent bilateral intracranial VA and BA involvement in the a-VBD group than in the p-VBD group. Extracranial VA involvement in the p-VBD group was twice as frequent as that in the a-VBD group, though this was statistically nonsignificant. Correspondingly, the infarct regions were more frequent over the middle posterior circulation region (pons or/and anterior inferior cerebellar artery-supplied territory) in the a-VBD group than in the p-VBD group, and over the proximal posterior circulation region (medulla or/and posterior inferior cerebellar artery-supplied territory) in the p-VBD group than in the a-VBD group. The results also showed that though clinical worsening occurred more frequently in the a-VBD group, mortality in the p-VBD group was twice as frequent as that in the a-VBD group; both differences were statistically nonsignificant.

Table [2](#T2){ref-type="table"} also shows that functional outcomes were significantly different between the 2 groups; the modified Rankin Scale score at 3 months and 1 year, respectively, was lower in the p-VBD group compared with the a-VBD group. To adjust for confounding factors, multivariate analyses were performed (Table [3](#T3){ref-type="table"}). The results showed that the presence of accompanied atherosclerosis in VBD-related PCS was significantly associated with a poorer functional outcome at 3 months and 1 year, respectively, which was independent of age, sex, vascular risk factors, stroke severity at admission, and treatment options.

Discussion {#sec1_4}
==========

The main finding of our study was that PCS induced by VBD with and without accompanied cervical or/and cerebral artery atherosclerosis had different manifestations. Significant differences included onset age, frequency of cigarette smoking, dissecting vascular involvement, infarct locations, and functional outcomes at 3 months and 1 year. The results suggest that VBD with and without accompanied atherosclerosis might have distinct pathophysiologies.

Several clinical manifestations of a-VBD shown in the present study were compatible with systemic atherosclerosis; there were more elderly people, more diffusely vascular involvement (bilateral VA and BA involvement), more frequent clinical worsening at the acute stage, and poorer functional recovery at 3 months and 1 year, respectively, in a-VBD \[[@B5], [@B10], [@B18]\]. Dissection has been described in aorta atherosclerotic atheroma by pathological studies \[[@B19]\]. Ulceration of an atheromatous plaque in the aorta may disrupt the internal elastic lamina, extend into the media, and result in intramural hematoma formation. However, the relationship between VBD and atherosclerosis has been less studied, both clinically and pathologically. The classification method used in the present study would need future studies such as molecular imaging or pathological assessment to validate a possible underlying atherosclerosis pathology in the vessel walls of VBD in a-VBD patients \[[@B10]\].

Patients with PCS induced by VBD without accompanied cervical or cerebral artery atherosclerosis in the present study were younger, had more frequent cigarette smoking habits (besides several other vascular risk factors), headache and neck pain at presentation, and mortality at an early stage, and better functional recovery at 3 months and 1 year. These features were consistent with previous acknowledgments of ischemic stroke induced by VBD, affecting younger people, usually with 1 fetal event, but with better functional recovery in survivors \[[@B1], [@B20], [@B21], [@B22], [@B23], [@B23]\].

Consistent with our result, a Finnish study also found a higher frequency of cigarette smoking in patients with cervicocerebral artery dissection than in the general population \[[@B24]\]. In addition, our previous study showed that cigarette smoking is associated with poorer 1-year functional outcome in intracranial VBD-related PCS \[[@B17]\]. These results suggest a role of cigarette smoking in the pathophysiology of VBD. Chronic exposure to cigarette smoking would cause vasoconstriction via activation of the sympathetic system, as well as endothelial dysfunction via oxidative stress and inflammatory mechanisms \[[@B25], [@B26], [@B27]\]. Moreover, cigarette smoking elicits a marked activation of leukocytes and platelets which could also lead to vascular damages \[[@B26], [@B27]\]. This smoking-related vascular impairment might make individuals more susceptible to artery dissection. Meanwhile, a recent study has shown that the functions of endothelial progenitor cells, which are required for vascular repair after endothelial injury, are impaired in cigarette smokers \[[@B28]\]. Dysfunctional endothelial progenitor cells might be unable to heal injured vessel structures after minor trauma and lead to artery dissection. We will need further studies to validate these postulations.

There were limitations in the present study. The results might only be applied to Asian patients, in whom (compared with Western patients) intracranial VBD was more frequently reported than extracranial VA dissection \[[@B20], [@B29], [@B30], [@B31]\]. Besides, our classification methods using the presence or absence of atherosclerosis plaque or stenosis on imaging might not be able to rule out a possible subclinical atherosclerosis pathophysiology in patients with p-VBD. Our results might only find a relationship between evident atherosclerosis (instead of the presence of an underlying atherosclerosis pathology) and VBD-related PCS. Lastly, the present observational study did not provide clues to management strategy regarding the presence of atherosclerosis in VBD-related PCS. However, our results suggest that a future trial for the appropriate management of VBD should consider whether there is a presence of accompanied atherosclerosis in patients with VBD.

This is the first report discussing the relationship between VBD and atherosclerosis. VBD-related PCS with and without accompanied atherosclerosis had different manifestations and should be regarded as distinct arterial diseases. Their functional outcomes and management strategy should be considered separately.
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![Demonstration of vertebrobasilar artery dissection with accompanied atherosclerosis. Two patients with basilar artery dissection (upper arrows) and accompanied atherosclerosis evident on carotid artery ultrasonography (atherosclerosis plaque, left lower arrows) and on magnetic resonance angiography (atherosclerotic stenosis, right lower arrows), respectively.](cee-0007-0165-g01){#F1}

###### 

Demographic characteristics and presentation at admission in vertebrobasilar artery dissection with and without accompanied atherosclerosis

                               Atherosclerosis   *p*           
  ---------------------------- ----------------- ------------- ---------
  Age, years                   75.8 (8.6)        60.2 (15.1)   \<0.001
  Male                         20 (30.9%)        47 (69.1%)    0.313
  Vascular risk factors                                        
   Hypertension                25 (80.6%)        45 (75.0%)    0.609
   Diabetes mellitus           19 (61.3%)        26 (43.3%)    0.125
   Hyperlipidemia              15 (48.4%)        20 (33.3%)    0.179
   Cigarette smoking           5 (16.1%)         23 (38.3%)    0.033
   Body weight mass            24.5 (3.1)        25.4 (3.4)    0.184
  Presentation at admission                                    
   Associated trauma history   0                 3 (5.0%)      0.548
   NIH Stroke Scale            7.6 (6.9)         7.6 (9.2)     0.971
   Headache                    4 (12.9%)         14 (23.3%)    0.279
   Neck pain                   1 (3.2%)          4 (6.7%)      0.658

Data are presented as mean (SD) or number of patients (percentage).

###### 

Clinical manifestations in vertebrobasilar artery dissection with and without accompanied atherosclerosis

                                                    Atherosclerosis   *p*          
  ------------------------------------------------- ----------------- ------------ -------
  Dissection involvement                                                           
   Extracranial vertebral artery                    4 (12.9%)         14 (23.3%)   0.279
   Intracranial vertebral artery                                                   
    Unilateral                                      17 (54.8%)        31 (51.7%)   0.827
    Bilateral                                       7 (22.6%)         6 (10.0%)    0.067
   Basilar artery                                   30 (96.8%)        45 (75.0%)   0.007
  Infarct region[^a^](#T2F1){ref-type="table-fn"}                                  
   Distal posterior circulation                     7 (22.6%)         16 (26.7%)   0.801
   Middle posterior circulation                     26 (83.9%)        32 (53.3%)   0.005
   Proximal posterior circulation                   8 (25.8%)         28 (46.7%)   0.071
  Management                                                                       
   Antiplatelets                                    27 (87.1%)        39 (65.0%)   0.150
   Anticoagulants                                   4 (12.9%)         21 (35.0%)   0.150
   Stenting                                         1 (3.2%)          3 (5.0%)     1.000
  During hospitalization                                                           
   Clinical worsening                               7 (22.6%)         8 (13.3%)    0.371
   Mortality                                        1 (3.2%)          4 (6.7%)     0.658
  Modified Rankin Scale                                                            
   At 3 months                                      3.2 (1.7)         2.2 (2.0)    0.020
   At 1 year                                        2.8 (2.0)         1.6 (2.2)    0.008

Data are presented as mean (SD) or number of patients (percentage).

Infarct locations were categorized as involving proximal (medulla or/and posterior inferior cerebellar artery-supplied territory), middle (pons or/and anterior inferior cerebellar artery-supplied territory), or/and distal (midbrain, posterior cerebral artery, or/and superior cerebellar artery-supplied territory) posterior circulation regions.

###### 

Short- and long-term functional outcomes in vertebrobasilar artery dissection with accompanied atherosclerosis

  The presence of accompanied atherosclerosis   OR     95% CI      *p*[\*](#T3F1){ref-type="table-fn"}
  --------------------------------------------- ------ ----------- -------------------------------------
  Modified Rankin Scale ≥3 at 3 months          6.4    1.2--35.4   0.033
  Modified Rankin Scale ≥3 at 1 year            10.6   1.5--76.5   0.019

Adjusted for age, sex, vascular risk factors (hypertension, diabetes mellitus, hyperlipidemia and cigarette smoking), stroke severity at admission (NIH Stroke Scale), and treatment options.
